INTRODUCTION
Accurate prediction of risk of death after acute coronary syndromes (ACS) is important for prognostication and decision making about treatment, as individuals at higher risk of death after ACS benefit most from early aggressive treatment. 1 2 Early and accurate assessment of future risk allows clinicians to identify patients who might benefit most from therapies and to avoid unnecessary treatment for those who are less likely to benefit.
Global Registry of Acute Coronary Events (GRACE) scores are used internationally to predict the probability of death at 6 months after admission to hospital for ACS. They have been developed and validated in several different settings. [3] [4] [5] [6] [7] The predicted risk of death can be used to stratify patients into low (<3%), moderate (3%-6%) and high (>6%) risk of death at 6 months after ACS. Current guidelines recommend that those classified as moderate and high risk of death using the GRACE score should receive more aggressive early therapy after non-ST-segment elevation myocardial infarction (non-STEMI) or unstable angina. 8 9 People with chronic obstructive pulmonary disease (COPD) have a higher risk of myocardial infarction (MI) than those without COPD, and cardiovascular disease is an important cause of death in people with COPD. In addition, COPD is very common in people with MI, with prevalence ranging from 10% to 17%. 10 11 Several studies have also found an increased risk of death after MI in people with COPD compared with those without COPD. 10 12 13 Previous work 14 has shown that, after adjusting for confounders, even though people with COPD have a higher mortality at 6 months after discharge than non-COPD patients, they are less likely to receive angiography in hospital after a non-STEMI, or to receive secondary prevention drugs after any MI. One of the reasons for this may be that GRACE scores may not predict risk of death in patients with COPD as well as they do in patients without COPD.
Using data from the UK Myocardial Ischaemia National Audit Project (MINAP) registry, we investigated whether GRACE scores performed as well in people with COPD as they do in people without COPD, and how they might be improved for people with COPD.
METHODS

Data source
MINAP is a UK registry of all admissions for ACS to hospitals in England and Wales. The following variables were collected which are needed for the equation for 6-month mortality ( post admission): age, heart rate, systolic blood pressure, creatinine, heart failure, cardiac arrest at admission, ST-segment deviation and elevated cardiac enzymes. 15 Vital status is available through linkage with the Office of National Statistics (ONS) mortality data.
We included all patients with a diagnosis of STEMI from January 2003 to June 2013, or non-STEMI or unstable angina from January 2004 to December 2012. Diagnosis of STEMI, non-STEMI and unstable angina were based on physician diagnosis and records of ECG and cardiac biomarker findings. Records were excluded if they did not have a patient unique identifier; if patients had missing values for presence of obstructive airway disease or smoking history; or if ONS mortality data were missing.
We identified COPD in MINAP using a strategy previously validated in MINAP data linked with primary care.
14 Briefly, we used the obstructive airway disease indicator and a smoking history (ex-smoker or current smoker) to identify COPD, and this identified COPD with a misclassification rate of <10%.
Statistical methods
GRACE scores
GRACE scores and predicted risks of death at 6 months were constructed using published nomograms for the Fox model. 16 Values available from nomograms were used to construct algorithms to score patients and to convert these to predicted risk death. As Killip class is not recorded in MINAP, we used a previously validated 17 method to score patients based on Killip class of heart failure by using in-hospital prescription of diuretics as a proxy.
We estimated the observed and GRACE score predicted risks of death at 6 months and compared these between people with and without COPD. We estimated the Mantel-Haenszel risk ratio averaged over the GRACE score deciles to estimate the average relative risk for death at 6 months after admission for patients with COPD with the same GRACE score as non-COPD patients. If GRACE scores work equally well in patients with COPD and patients without COPD, then the risk ratio would be 1. A risk ratio of <1 would suggest that GRACE scores overestimate the risks of death in patients with COPD after admission; a risk ratio of >1 would suggest that GRACE scores underestimate the risks of death in patients with COPD. We also compared the risk of death for people with diabetes with those who do not have diabetes, adjusted for GRACE score predicted risk of death.
We then investigated the observed risk of death between patients with COPD and without COPD within GRACE score predicted levels of risk (0%-3% low, 3%-6% moderate and >6% high).
We explored the extent of and possible reasons for missingness of GRACE score variables and performed a multiple imputation analysis (see details in online supplementary material).
Model modifications
We investigated several strategies for improving GRACE scores for people with COPD. We prespecified three potential modifications to the GRACE models which might improve their accuracy for patients with COPD: (1) adding COPD into the models as a risk factor, (2) adding smoking history into the models as a risk factor and (3) multiplying the predicted risk of death for patients with COPD by the RR for risk of death for patients with COPD compared with non-COPD patients after adjusting for GRACE score predicted risk of death.
For the approaches which involved adding new variables to the models (smoking and COPD), we had to respecify the GRACE models. We did this by building logistic regression models which included all of the GRACE variables (with or without smoking or COPD) with death at 6 months as the outcome and used these to predict risk of death. As an internal validation procedure, we also bootstrapped the logistic regression models with 100 reps each, and compared the parameter estimates with those from the main analysis.
To assess which models performed best, we calculated the Mantel-Haenszel risk ratios to compare the risk of death at 6 months between patients with COPD and without COPD adjusting for predicted risk of death for the model in question. We also calculated C-statistics and Hosmer-Lemeshow goodness of fit tests. Strategies involving multiplication of risk for patients with COPD using the existing GRACE model were compared with the existing GRACE model. To make a fair comparison, models which involved adding other variables (smoking or COPD) were compared with our models which included all of the GRACE variables. To assess how well each model stratified risk, we also plotted the proportion of all deaths by deciles of predicted risk of death at 6 months for the normal GRACE model and for modifications. We calculated how many people would be reclassified in terms of risk level (low, moderate or high) for each modification, we also performed this analysis stratified by type of ACS. Finally, we also calculated the continuous net reclassification improvement (NRI) statistic 18 for adding COPD to the GRACE score model.
Ethics
This study was approved by London School of Hygiene and Tropical Medicine (LSHTM) Observational Ethics Committee (6468) and the MINAP academic group (13-MNP-07).
RESULTS
Patient characteristics
In total, 481 489 patients with ACS were included, of whom 58 739 (12.2%) had COPD (figure 1). Characteristics of patients with COPD and without COPD are shown in table 1. In terms of mortality, patients with COPD were more likely to have died by 6 months after admission compared with those without COPD (17.7% compared with 11.6%). Patients with COPD, on average also had higher GRACE score predicted risk of death than those without COPD (14.0% (SD, 12.7) compared with 11.7% (SD, 12.3)).
GRACE score performance
The Mantel-Haenszel pooled risk ratio comparing risks of death for patients with COPD with those without COPD after adjusting for GRACE score predicted risk of death was 1.30 (95% CI 1.27 to 1.33). Observed and predicted mortality for patients with COPD and without COPD, split by deciles of GRACE score predicted risk of death, is presented in table 2. These results stratified by year of admission are presented in the online supplementary table S1. People with diabetes also had a higher risk of death than those without diabetes with the same GRACE score predicted risk of death; however, this was lower than for people with COPD (RR 1.14, 95% CI 1.12 to 1.16).
Model modifications
Findings from model modifications are displayed in table 3. Compared with the MINAP-derived GRACE score model using the original variables, the model including COPD as a risk factor resulted in better predictions for patients with COPD. Including smoking history as a risk factor in the model did not result in better predictions for patients with COPD. Bootstrapped results did not differ from the main analysis. Multiplying the GRACE score predicted risk of death by the RR for risk of death for patients with COPD adjusted for GRACE score predicted risk of death (1.3) resulted in a very close approximation to adding COPD into the model as a risk factor. C-statistics were improved for the model which multiplied the risk of death for patients with COPD by 1.3 and the model which included COPD as a risk factor. Adding smoking to the GRACE score model did not significantly change the C-statistic.
Hosmer-Lemeshow statistics showed that all models tested had adequate calibration.
The proportions of all deaths in patients with COPD in deciles of predicted risk for the normal GRACE model, the GRACE model multiplied by 1.3 and the MINAP-derived model including COPD are displayed in figure 2 . The plot shows a steeper increase in the proportion of deaths in each decile for the GRACE model multiplied by 1.3, and the MINAP-derived model including COPD compared with the normal GRACE model, indicating better stratification for these two modifications. Observed mortality within GRACE score predicted risk groups for the normal GRACE model and for the modifications for patients with COPD and without COPD is presented in table 4 .
The findings for reclassification of risk levels after different model modifications are displayed in table 5. Compared with the normal GRACE score model, when patients with COPD were stratified into risk groups based on the multiplying the GRACE score predicted risk of death by 1.3, 33.9% of those classified as low risk (<3%) were reclassified as moderate risk (3%-6%), and 64.3% of those who were classified as moderate risk were reclassified as high risk (>6%). When stratified by type of ACS, the results were similar to the main analysis, with the exception of change in risk group after an STEMI in the MINAP-derived model including COPD (see online supplementary tables S2-S4). The NRI for adding COPD to the GRACE score model was 0.133 ( p<0.001) indicating an improvement in classification of subjects when COPD is added to the model.
The findings from the multiple imputation analysis were similar to those from the main analysis, and are presented in the online supplementary table S5.
DISCUSSION
We found that GRACE scores for predicting risk of death at 6 months after ACS do not perform as well for people with COPD compared with those who do not have COPD. On average, patients with COPD had a 30% higher risk of death than non-COPD patients with the same GRACE score. To improve GRACE scores for patients with COPD, one option would be to respecify the GRACE model including COPD as a risk factor. Alternatively, multiplying GRACE score predicted risk of death by 1.3 for patients with COPD provides a very close approximation.
We found that, conditional on GRACE score predicted risk of death, patients with COPD had a higher risk of death than non-COPD patients, indicating that these scores underestimate the risks of death in those with COPD. One might argue that this might be true for any comorbidity; however, when we also estimated the relative risk of death comparing patients with diabetes with those without diabetes adjusted for GRACE score predicted risk of death, although we found an increased risk, this was much lower than for COPD. Although the relative risk of death for COPD might seem modest, this may have a large impact on patient treatment. Indeed, our results suggest that a large portion of patients with COPD would have been reclassified upwards in terms of level of risk if either of our suggested modifications (multiplying the risk for patients with COPD by 1.3 and adding COPD to the model) to the GRACE score had been used. We found that GRACE score predicted risk was closer to observed risk in those with COPD. The explanation for this is likely to be that for COPD and non-COPD patients with the same predicted risk of death, patients with COPD have always been at higher risk and observed mortality for all patients has fallen since GRACE scores were created such that they now by chance align well for those with COPD, rather than the GRACE score performing better estimated risk of death for those with COPD. This is consistent with our findings when we tabulated predicted and observed risk stratified by admission year. Although the GRACE score is the most accurate and widely used score for predicting risk of death after admission for ACS, others are in use. Clinicians should be aware that scores which use similar parameters are likely to underestimate risk of death for patients with COPD to a similar degree.
Our findings are an important contribution to discussion around the risk-treatment paradox. The paradox is that although people who are at highest risk of death after ACS are most likely to benefit from early aggressive therapy, they are the least likely to receive it. 19 This may go some way in explaining why patients with COPD receive less in-hospital treatment after MI, such as in-hospital angiography after non-STEMI. Using risk scores and recommendations based on these to guide treatment decisions is one way to resolve this paradox. However, these risk scores must be able to predict risk of death well, they must be able to do this around levels of risk important for decision making, and they must do this for those at high risk of death. A strength of our study is that it is large and representative of the national population, including all hospital admissions for ACS in England and Wales. A well as our complete case analysis, we also explored reasons for missing data and conducted a multiple imputation analysis. This further analysis did not change our conclusions. We calculated the proportion of patients with COPD who would have changed risk category as a result of the increase in predicted risk of death. This allowed us to demonstrate that although the relative risk of death adjusting for GRACE score predicted risk of death may seem modest, at the critical region of 0%-6% predicted risk of death, this could have resulted in a change in management for a substantial proportion of patients with COPD. One limitation of our study was that we used the National Institute for Health and Care Excellence-amended mini-GRACE score 17 rather than the model including the Killip class. We used Table 4 Observed mortality at 6 months for patients with COPD and non-COPD patients stratified by different versions of the GRACE score predicted risk of death Normal GRACE score GRACE score predicted risk level Observed mortality-non-COPD (%) Observed mortality-COPD (%) prescription of diuretics in hospital as a surrogate for acute heart failure. However, it is highly unlikely that the differences between patients with COPD and without COPD could be explained by this. In addition, recent work 17 has shown that this GRACE score is a very good approximation to the full GRACE score, and the amended mini-GRACE score is being used in practice as it is now available on the GRACE 2.0 calculator.
There are several possible reasons why GRACE score predicted risk of death is not as accurate for patients with COPD. Our previous work showed that the relative risk of death after MI for patients with COPD is greater after non-STEMIs than STEMIs, 14 and non-STEMIs will be scored lower than STEMIs, all other things being equal. In addition, the effect of COPD on risk of death after MI was greater for younger patients with COPD, and younger people will be scored lower on average. In the development of the GRACE score, although several clinical characteristics, including diabetes, hypertension and hyperlipidaemia were tested for inclusion as risk factors, COPD was not. 20 Although some of the increased risk of death may be due to differences in treatment, others have concluded that the GRACE score maintains its predictive ability even in groups with different treatment. 21 In addition, among a wide range of in-hospital treatments tested, none entered the GRACE score model as predictors of death. 20 Previous work has investigated the performance of the GRACE score in other high risk groups such as people with diabetes and with chronic renal failure. 22 However, this work only assessed the C-statistics in these groups, and did not involve assessing the GRACE score in those with COPD. Our findings have important clinical implications for the care of patients with COPD after admission to hospital for ACS. Multiplying the GRACE score predicted risk of death by 1.3 for patients with COPD would mean that 34% of people with COPD would move from being classified as low risk to moderate risk (<3% to 3%-6%). These changes have important implications as recommendations for treatment after non-STEMI and unstable angina are based on classification as moderate or high predicted risk of death. This is particularly relevant as it is known that patients with COPD are more likely to present with a non-STEMI than non-COPD patients and that the effect of COPD on risk of death after MI is highest in non-STEMIs, and after adjusting for patient characteristics, they are less likely to receive early invasive treatment after a non-STEMI compared with non-COPD patients. 14 
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CONCLUSIONS
The GRACE score predicted risk of death after ACS does not predict risk of death for people with COPD as well as they do for those who do not have COPD, and underestimates risk of death for this group. When future versions of the GRACE score model are created, those developing the scores may want to include COPD as a risk factor for death. Clinicians should multiply GRACE score predicted risk of death by 1.3 to obtain a more accurate prediction. Using this rule would mean that one third of patients with COPD previously considered to be low risk should be considered moderate risk and would be considered for more aggressive early treatment under current guidelines for non-STEMI and unstable angina.
Key messages
What is already known on this subject? Despite being at higher risk of death following admission for acute coronary syndromes, patients with chronic obstructive pulmonary disease (COPD) are less likely to receive investigation and treatment than those without COPD and this difference may explain some of the difference in mortality. It is recommended that those at moderate (3%-6%) or high (>6%) Global Registry of Acute Coronary Events (GRACE) score predicted risk of death at 6 months after admission to hospital for non-ST-segment elevation myocardial infarction or unstable angina receive earlier aggressive investigation and treatment.
What might this study add?
This nationwide multicentre study involving 481 849 hospital admissions demonstrates that GRACE scores underestimate risk of death after acute coronary syndromes for those with COPD. This study also found that multiplying the predicted risk of death for those with COPD by 1.3 provides a better approximation for their risk of death.
How might this impact on clinical practice?
Using a more accurate estimate of risk of death for those with COPD after admission for acute coronary syndromes one third of patients with COPD previously categorised as low risk would be reclassified as moderate risk, and therefore would be eligible for earlier, more aggressive investigation and treatment. 
